This paper describes the capability of remote sensing in the monitoring of rangeland vegetation productivities and dynamics in the foothill areas of Uzbekistan, in order to enhance the sustainable utilization of natural resources. Seasonal productivity, including above-ground biomass, density, coverage, foliar chlorophyll, and carotene content, was measured for the Artemisia diffusa, the dominant species of the study area. The Normalized Difference Vegetation Index (NDVI), extracted from time-series Landsat TM5 satellite images, was used to obtain pertinent data regarding vegetation coverage and potential productivities. Seasonal precipitation was found to be a key factor in governing soil moisture in the semi-arid foothill rangelands, which directly influence the dynamics of plants and productivities. Precipitation and soil moisture determine the length of the plant growing season and further influence NDVI values. We found that time-series NDVI was significantly correlated with the seasonal green and total aboveground biomass of vegetation and coverage of Artemisia diffusa, soil moisture, and changeable nitrogen. We also found that the foliar chlorophylls of Artemisia diffusa was significantly correlated with the green above-ground biomass (r = 0.44, P < 0.05).
Introduction
In the past few decades, overgrazing and other anthropogenic impacts on rangeland have resulted in serious soil erosion and land degradation. As a result, the forage and husbandry industries have been poorly affected [1] . Such processes have become much more serious in the foothill areas of the rangeland in the Central Asian countries, in particular. Continuous and unplanned land use has further decreased the species diversity and biomass of the grassland ecosystem [2] [3] . Degradations of land [4] [5] and soil [6] are identified as the main stresses for the sustainability of rangeland around the world. Such a land use pattern would easily cause land degradation without planned grazing in the event of a population explosion [7] [8] [9] . However, it is difficult to evaluate the degree of degradation of the rangeland as well as the coverage and productivity of vegetation under conditions of intense human activity.
The growth of plants largely depends on the interaction between environmental factors. There are direct and indirect effects by seasonal climate change on the growth of plants. Good correlation with all measures of canopy structure and chemical composition supports the basis of economic theory [10] . The investment in the canopy chlorophyll, green leaf area, and biomass of leaves acts as a cost-conservative balance between components of the photosynthetic system [11] . Nevertheless, the effects of animal grazing might shift vegetation growth patterns. Few studies have been conducted on the vegetation dynamics and physiological variables of arid and semi-arid rangeland, including the consideration of a grazing gradient in continuous long-term monitoring.
Many scientists have recommended using particular indexes to identify the current status of plant health, and the most widely used index is the Normalized Difference Vegetation Index (NDVI) [12] . NDVI is calculated by the ratio (ρIR − ρR)/(ρIR + ρR), where ρIR is the near-infrared reflectance and ρR is the reflectance in the red electromagnetic spectrum region. The green part of the leaf and its biomass show a high correlation with the NDVI [13] . Vegetation indexes are mainly derived from reflectance data in discrete red and near-infrared bands [14] . Green plants are sensitive to the reflection of absorption in the red (0.63 -0.69 μm) and infrared (0.76 -0.90 μm) spectrum. Therefore, both infrared and red spectra give us useful information about the vigor status of plants, such as canopy greenness, photosynthetic pigments, and physiological activity of vegetation. Furthermore, as direct indicators influencing plant growth, infrared and red spectra are widely used for evaluating large area vegetation growth patterns.
Remote sensing (RS) can reflect the seasonal physiological status of plants and, subsequently, elaborate on the eco-physiological bases of rangeland managing systems. Remote-sensing-based NDVI is widely applied in monitoring and assessing vegetation dynamics [5] [15] and above-ground net primary production (ANPP) [16] [17] , mostly focusing on the long-term environmental and eco-physiological changes. The NDVI is positively correlated with rainfall in the arid and semi-arid regions [5] [18] . However, chain correlations of NDVI with seasonal climate, plant, and soil features have yet to be investigated rigorously.
As long-term ground sampling and analysis may consume large amounts of time and labor, practical application remains challenging. We hypothesized that a chain correlation may exist between biological and environmental variables, as precipitation and soil moisture strongly govern vegetation growth, which is reflected by the NDVI [18] . Human activities, especially free-range and grazing, may disturb the relationship, so there is an urgent need to develop affordable and precise tools to monitor the vegetation coverage and productivity of the rangeland ecosystem in arid areas.
In this study, we have selected RS as a useful tool for monitoring and managing rangeland. RS data can serve as a means for assessing and monitoring rangeland productivity and the level of degradation. Moreover, it can be helpful in constructing a managing ecosystem model for restoring degraded areas and addressing ecosystem imbalance. Large sets of data on plant coverage and land use can be obtained by analyzing satellite images [19] . If the correlation among the NDVI and vegetation coverage, above-ground biomass, climate, and soil condition really exist, actual remote-sensingbased monitoring might prove very useful [20] .
However, the estimation of land degradation largely relies on field sampling, and understanding the relationship between environmental and physiological factors remains difficult. The main aims of this study understand 1) the impact of environmental factors on plant growth and changes; 2) the different seasonal dependencies between climate and the NDVI, which are based on canopy greenness, including above-ground biomass, cover, content of foliar chlorophyll, and carotenoids; and 3) the relationship among seasonal precipitation, soil moisture, and the rangeland NDVI. This study will help decision makers assess the vegetation coverage and ecosystem productivity in arid and semi-arid rangeland, which are facing degradation problems.
Materials and Methods

Study Area
The area of study is the semi-arid Aktau foothill rangelands of Samarkand Province, Uzbekistan (40˚9'N, 66˚39'E) shown in Figure 1 . The type of landscape is characterized as low to high relief. The study area is 4300 km 2 , covering 9.5% of Uzbekistan territory. The altitude of the study area ranges from 500 to 1600 m above sea level [7] . The climate condition is quite varied owing to the diversity of the landscape. According to the climate classification, the Aktau ridge belongs to the continental subtropical climates of Asia [21] . The site is located in the peripheral part of the western Tian-Shan and in the interface with the Kyzyl Kum desert. Aktau Mountain experiences the impact of this desert, receiving strong warm air masses in the summer with temperatures reaching 30˚C -35˚C in the mountains and 42˚C -43˚C in the foothills (Figure 2 ).
In July, the average air temperature of mountain area is 24˚C, and the precipitation ranges from 350 to 400 mm [21] . Spring comes in late February or early March, and the fall begins in September, with the vegetation period being 260 -270 days. The dominant soil type is light sierozem, with a heavy accumulation or stone deposition of gypseous layer [7] . The soil is mostly barren, with less than 1% organic matter. The forage capacity of the rangeland ranges from 300 -700 kg of dry matter per hectare [7] [22], depending on the climatic conditions. During spring and summer, the land suffers from heavy grazing stress due to the free range of cattle and sheep. Although the stress decreases sharply from autumn to winter time, grazing on A. diffusa still continues. The human population and number of total livestock are 115,000 and 413,766 heads, respectively. Overgrazing is the most important influencing factor for land degradation.
Vegetation
Most of the study area is covered with A. diffusa during the entire year, while species like Iris songarica and Alhagi pseudalhagi are sparsely present; in the spring season, common sub-dominant ephemeroid species like Poa bulbosa, Carex pachystylis, Salsola spp, and Holosteum umbellatum are present. Other species such as Poa bulbosa, Carex pachystylis, and Salsola spp are also noted, covering 15% -20% of Artemisia-ephemeral rangelands [7] [23]. In the foothills, some woody species vegetation, such as Pistaciavera spinosissima, Punica granatum, Atraphaxis spinosa, and Zygophyllum gontscharovii can also be found [7] [24] . As the northern slopes receive more precipitation, a green carpet composed of Carex pachystylis develops well. Species such as Festuca spp., viviparous P. bulbosa, Hordeum bulbosum, Stipa spp., Aegilop striuncialis, and Bromus tectoim are common [7] . The dominant species in the study area is A. diffusa; therefore, in this study we have chosen this species for further detailed analysis.
Meteorological and Soil Data Collection
Climate data, including daily mean air temperature, minimum relative air humidity, and precipitation from 2008-2010, were obtained from the Kushrabad Meteorological Station in the Samarkand region. The station is located 5 km from the study area. Soil samples were collected monthly from the plot location (Table 1) to measure the soil moisture. Soils were sampled in every sample plot from 0 -40 cm and were divided into two parts. The first part was used to measure the soil moisture, and the second part was used to measure the changeable mineral nitrogen in the soil. Soil moisture was determined through drying for 48 hours in a drying furnace. The nitrogen was determined by the Grandval-Lyazhu method, which is based on the interaction between nitrates and disulfofenol acid to form trinitrophenol (picric acid). An alkaline medium gives a yellow color due to the formation of trinitrophenol potassium in an amount equivalent to the nitrate content. The color intensity is measured by a photo-colorimeter [25] . 
Vegetation Sampling and Chemical Analysis
Three vegetation sites were chosen from the various degrees of vegetation covering to determine the plant parameters. The distance among the sampling sites were 1 km. Each site was done with three replicates within a distance of 100 m, depending on the degree of vegetation coverage (sparse, middle and dense). A total of nine plots were sampled ( Figure 1 , Table 1 ). The coordinates of each subplot were taken using Global Positioning System (GPSGarmin GPS 12 XL 12 channel). Vegetation parameters were measured monthly from all of the nine plots during 2008-2010, including plant composition, above-ground biomass, cover, density, foliar chlorophyll, and carotenoid content.
The content of chlorophyll a, b and carotenoids in the dominant species A. diffusa was detected using the Spectrophotometer (SF-26) after 100% acetone extraction through the Wettstein method [26] . Geo-botanical descriptions were conducted on a 10 m × 10 m transect plot, with three replicates conducted for all nine plots. The total number of each subshrub species within the 100 m 2 plot was split into three classes (big, medium, small), based on the plant height and diameter, and three representative plants were harvested and separated into perennial wood and annual green components. To obtain the total biomass of each subplot, the density and biomass data were combined. The cover of each individual subshrub was determined from a 10 m line intercept along the four edges of the 10 m × 10 m plot. The above-ground ephemeral biomass and ephemeroid was evaluated within 50 cm × 10 cm frame quadrates, which were randomly distributed within the five replicates. All of the plant parameters were measured in a fresh way. The images were converted to the BIL format; 3) Atmospheric correction was conducted using ActPro50 software; 4) The NDVI was calculated from the atmospherically corrected images using the following formula: (Band4 -Band3)/(Band4 + Band3).
Remote Sensing and Image Processing
Finally, for each of the ground sample points ( Table 1) the NDVI values were obtained and used in the further analysis.
Statistical Analysis
The experimental design consisted of three sites with three replicates. One-way ANOVA and the least significance difference (LSD) test were applied to check the significance of the differences using SPSS 19.0 software. The Pearson's correlation test was also performed to check the relationships among the NDVI values, vegetation parameters, and soil and climate indicators during the plant growing season. The differences were considered significant if P < 0.05. The figures were generated using Sigma Plot 10.0 (Aspire Software Intl. Ashburn, VA, USA).
Results and Discussion
Dynamics of Vegetative Cover, Density and Above-Ground Biomass
The dominant sagebrush A. diffusa develops above-ground components from late February to early June, with the entire vegetation cycle lasting for 230 -237 days [7] . During the three study years (2008-2010), the mean cover of A. diffusa was lower (16% -26%) in the spring season than in summer (24% -37%) or autumn (29% -40%) (Figures 4(a)-(c) ). In 2009, the vegetation cover was slightly higher than that of 2008 or 2010. This was due to more precipitation in the spring of 2009 (Figure 2 ). However, in the dry seasons (summer and autumn), the shortage of soil moisture has ceased vegetative period of annual and perennial ephemeroids communities. The density of A. diffusa increased from the wet season to the dry season, and the thickness decreased again at the end of autumn (Figures 4(d)-(f) ). This might be due to the fact that the sagebrush was heavily grazed by cattle in autumn but only slightly in summer, when the plants were sharply ephemeral and exuded a strong smell. The density and aboveground biomass of sagebrush A. diffusa were closely related in summer. Because of the wet spring, the first and second sites had higher total annual green above-ground vegetation biomass in 2009 ( Figures 5(d)-(f) ).
In the spring, A. diffusa + ephemeroides made up the total above-ground biomass (TAB), and the annual green above-ground biomass of A. diffusa + ephemeroides made up the green above-ground biomass (GAB) of vegetation. The GAB changed from 299 kg/ha to 739 kg/ha and the TAB changed from 991 kg/ha to 2111 kg/ha in spring, while in summer and autumn, TAB was consisted solely of A. diffusa (Figures 5(d)-(f) ).
The annual green above-ground biomass of A. diffusa (GAB A ) was 272 -617 kg/ha in spring, which increased to 392 -1128 kg/ha in summer but decreased to 175 -762 kg/ha in autumn. The total above-ground biomass of A. diffusa (TAB A ) was measured . The different capital letters in the same column indicate significant differences in total biomass among years and lowercase letters stand for significant differences in green parts, at P < 0.05 level (ANOVA, LSD test).
Leaf Pigments of Dominants and Connectivity with Environmental Factors
Chlorophyll and carotenoid content of A. diffusa varied with climate conditions. The contents of chlorophyll of the three sites were 0.81 -0.93 mg/g in spring, 0.91 -1.14 mg/g in summer, and 0.44 -0.80 mg/g in autumn. Accordingly, the carotenoid content was 0.21 -0.33 mg/g in spring, −0.01 to 0.04 mg/g in summer, and 0.13 -0.16 in autumn, changing with the growing seasons ( Table 3 ). The foliar chlorophyll and aboveground green biomass are main potential productivities of vegetation, and moreover, these factors are related to the photosynthetic activity of plants. Both indicators play an important role in the balance of the ecosystem, in areas such as regulation of climate, carbon storage, and sequestration of potential productivities of vegetation. Our results have shown significant positive correlation between chlorophyll and green aboveground biomass in the growing seasons (P < 0.05); moreover, significant positive correlation between chlorophyll and temperature (Mean Air Temperature MAT) has also been demonstrated (P < 0.05) ( Table 4 ).
Seasonal and Inner-Annual Dynamics of Climate, Soil Indicators and Degradation Assessment
The annual rainfall plays a key role in plant regeneration, survival, and the function of arid and semi-arid ecosystems [27] . In the study area, most precipitation occurs in spring, while summer and autumn are very dry. Precipitation is the most important influencing factor for plant growth and vegetation coverage. As soil structure is loam and soil layer is not deep, soil cannot hold much moisture for a long time. Higher precipitation together with lower temperature, and hence, lower potential evapotranspiration rates in meadow steppe would favor higher a precipitation-use efficiency and ANPP [28] . Table 3 . Seasonal dynamics of foliar chlorophyll (CHL), carotenoids (CAR),of subshrub A. diffusa in the three study sites. Values are mean ± SE (n = 3). The different letters in the same column indicate significant differences among years at P < 0.05 level (ANOVA, LSD test). Soil moisture is one of the major restrictive factors for vegetation growth and is significantly correlated with the NDVI indicators in semi-arid and arid rangeland. However, rainfall is not the dominating limiting factor for grassland restoration, while soil moisture is more important than rainfall for plant growth [3] . In the study area, loamy soil structure was pervasive. Therefore the drying process of soil surface was accelerated and precipitation was highly related with soil moisture. Moreover, long-term grazing exclusion would improve soil moisture in the rangeland of the semi-arid regions. Soil water availability is critical to plant survival, development, and ultimate productivity, and precipitation is a major natural source for soil moisture in the semi-arid grassland [29] . Changes in the seasonal dynamics of soil moisture in the 0 -40 cm layer were apparent in spring as the moisture was measured at 14.1% -19.7%, increasing from 2.1% to 4.8% in summer and autumn (Figures 6(d)-(f) ). Our results show that in the study area 5% -8% soil moisture limited ephemeroid vegetative growth (Figures 3(d) -(f), Figures 5(d)-(f) ). Overgrazing factors were also effective in decreasing green coverage, and both soil moisture and overgrazing influenced the dynamics of the NDVI. Green leaf area index, green biomass, and vegetation coverage are useful indicators of the health of rangeland, which can be used to analyze the status of the ecosystem health and define the degree of land degradation [30] . In spring, the NDVI was higher (Figures  3(a)-(c) ) than in other seasons, as the lands were covered with annual and perennial ephemeroids in this season. Moreover, higher NDVI values in the spring were evident in other years as well, as in the spring, the land was covered by a carpet of ephemeroids. Therefore, the spring images cannot demonstrate the degradation trend when the land was uniformly covered with the ephemeroid community. Meanwhile, the summer and autumn satellite images indicated a clearer degradation of dominant sagebrush ( Figure  1) .
The NDVI was higher in the spring of 2009 than in other seasons, indicating the amount of precipitation was greater than in other growing seasons (Figure 2 ). In that same season, A. diffusa and ephemeroids recovered faster and grew taller than before.
However, precipitation, nutrients, and soil physical properties seldom affect spring phenology, while the temperature is very significant [31] . Well-established relationships between climate conditions and vegetation productivity have been found [32] [33] .
Soil moisture and temperature were important factors for inorganic nitrogen pools and net nitrogen mineralization of soil [34] [35] [36] . The amount of soil changeable nitrogen (
NO
− ) in the 0 -40 cm layer was measured at 62.6 to 72.9 mg/g in spring, and grew from 44.4 to 58.7 mg/g in summer and autumn (Figures 6(a)-(c) ). Overgrazing also impacts mineralization progress in grassland ecosystems [37] . Furthermore, freezing and thawing in winter and in early spring are reported as important events for soil inorganic nitrogen availability and net nitrogen mineralization [38] [39].
In the early growing season, soil moisture causes a lower N nitrification rate, and the existence of grazing decreases the annual cumulative N nitrification. We found that the wet season had promoted the nitrification process, which almost ceased after subsequent grazing (Figures 6(a)-(c) ). In contrast, the dry season greatly inhibited net N mineralization, and subsequently, soil microbial activity and plant growth [40] . Other factors impacting soil drying included air humidity, temperature, wind, and transpiration. The soil microbial activity is mostly stronger at elevated temperatures, while the impact is smaller at low temperatures [40] . The climate of summer and autumn in the study area was very dry, decreasing the nitrification process, evidenced by lower soil changeable nitrogen (Figures 6(a)-(c) ).
Relationships of Environment Indicators of Rangeland and NDVI
High correlations between above-ground biomass and climatic factors, including precipitation and temperature, have been frequently reported [41] [42] [43] . Precipitation is a key climatic factor in controlling primary productivity in most arid ecosystems around the world. In growing seasons, highly positive significant correlations were found between the NDVI and precipitation (r = 0.81, P < 0.01) as well as was significantly related between the NDVI and the annual above-ground biomass of vegetation, GAB (r = 0.49, P < 0.01). In the plant growing seasons, significant correlation of NDVI values with coverage of dominant Artemisia diffusa were found, caused by the soil moisture changes. Foliar chlorophyll and above-ground biomass were also vital for greenness and health of plants, and positive significant correlation between foliar chlorophyll and GAB (r = 0.44, P < 0.01) was also noted (Table 4) . Timing of precipitation is particularly important for grassland productivity [44] . Precipitation has influences on soil moisture that affects soil changeable nitrogen content. Water and N availability that govern species diversity, ANPP, and ecosystem stability are critical in semiarid grassland [45] . In this study, we have found positive relationships among the NDVI, soil moisture, and changeable nitrogen (P < 0.01) ( Table 4 ).
In the semi-arid ecosystem, vigor of plants and their productivity were related with climate and soil. We found chain correlations among plant, soil, and climate connection to eco-physiological indicators in the foothill rangeland, any of which may affect plant greenness. This may be the reason for inferring balance of rangeland environments, which enable us to use NDVI or other remote-sensing-based indicators to assess the health status of rangeland ecosystems. Our three years' monitoring of vegetation, soil, and physiological characteristics clearly demonstrate the chain correlations. The findings of this study are important and will further help in the studies of rangeland and environmental sustainability.
Conclusion
Many factors influencing the dynamics of plant productivity and soil parameters, such as soil moisture and precipitation, can be well-monitored using both ground measurements and satellite image data. All of these connections, particularly with NDVI in arid foothill rangeland, can offer access for monitoring and assessing vegetation coverage and potential productivity using remote sensing. The precipitation and soil moisture influenced both the seasonal and annual vegetation dynamics regulating plant photosynthetic pigments. Our findings will help decision makers providing detection tools to monitor the ecosystem balance of rangeland and the degradation effects from global climate change. If we use this information efficiently, these vegetation indices can be powerful tools for scaling a physiologically-based estimation of vegetation dynamics in the arid and the semi-arid foothill regions.
